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ABSTRACT
Ileostomy is a common component of surgical treatments for various gastrointestinal conditions. Loss of the fluid absorptive capacity
of the colon results in increased fluid and electrolyte losses, which causes a state of relative fluid depletion. These losses can be
offset in part by increased oral intake, but the remaining small intestine also compensates by increasing the efficiency of fluid and
electrolyte absorption, a process termed adaptation, which occurs within weeks to months of ileostomy creation. Some patients fail
to adapt adequately and have high ileostomy outputs from the time of surgery. Others with a previously well-adapted ileostomy may
encounter periods of sustained high output when some additional process causes diarrhea. Many patients experience periods of
high output after ileostomy creation and often require hospital readmission for this reason. Any patient with an ileostomy is at great
risk of dehydration and electrolyte depletion should output rise dramatically. Prompt attention should be given to rehydration and
identification of the underlying cause so that directed therapies may be implemented. This review discusses the alteration of normal
intestinal fluid balance from colectomy with ileostomy, proposed mechanisms for adaptation, the differential diagnosis of ileostomy
diarrhea, the evaluation of ileostomy diarrhea, and current treatment options.
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I
leostomy may be required for permanent or temporary
fecal diversion, most often after colectomy. Ileostomies
may be fashioned in either an end or a loop configuration.
Data are limited on the number of ileostomies performed

each year, but it is estimated that approximately 165,000 to
265,000 patients in the US are living with an ileostomy at any
given time, with approximately 40,000 new ileostomies created
each year.1 Ileostomy diarrhea is a common and potentially
dangerous problem. The human colon has a great capacity to
absorb over 5 L of excess fluid and electrolytes daily.2 The loss
of this absorptive capacity under certain conditions may result
in large obligatory fluid losses, and patients with ileostomy are
at great risk of dehydration, electrolyte imbalance, and acute
kidney injury. Early in the postoperative period, as many as
16% to 50% of patients experience high output, and up to
20% of these patients will require hospital readmission for
this reason.3–5 Within 6 months, this number may be as high
as 91%.6 Fortunately, the fluid losses seen immediately after
ileostomy creation typically decline over several weeks through
adaptive changes of the remaining small bowel. However,
some patients may fail to adapt adequately, and others
may experience intermittent periods of high output when an

additional process causes diarrhea. We discuss the physiology
of intestinal adaptation after colectomy, the mechanisms
and differential diagnosis of ileostomy diarrhea, and the
evaluation and treatment of the ileostomy patient with high
ileostomy output.

PATHOPHYSIOLOGY
Normal intestinal fluid transport

Under normal circumstances, 9 to 10 L of fluid passes the
ligament of Treitz each day, including both oral intake and
gastrointestinal secretions from oral, gastric, duodenal, and
biliopancreatic sources.7 The jejunum absorbs approximately
6 L, and the ileum another 2.5 L, leaving approximately 1 to
1.5 L of fluid entering the colon per day. Almost all of this
fluid and the electrolytes it contains are absorbed in the
colon, leaving approximately 100 mL excreted in feces daily.
Thus, diversion of the fecal stream at the level of the
ileocecal valve would be expected to produce approximately
1 to 1.5 L of stool output per day containing approximately
200 mEq of sodium, 100 mEq of chloride, and 10 mEq
of potassium.8
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Early postoperative ileostomy output and the role of the ileum
Immediately after recovery from surgery, observed

ileostomy output matches what would be expected based on
normal fluid transport, approximately 1 to 1.5 L per day.9

However, the output decreases over the following days and
weeks, a process termed “adaptation.”10 Kennedy et al found
the average daily fecal weight from established (>1 year)
ileostomies with minimal ileal resection to be 644 ± 297 g/
24 h.11 Another series in established patients found this value
to be even lower at 465 ± 219 g/24 h.12 Expected daily out-
put in established ileostomies directly correlates with body
mass index.13

The length of ileum resected affects the degree of adapta-
tion significantly.14 The ileum, and specifically the terminal
ileum, is believed to have the greatest capacity for adaptive
mucosal changes.15 Daily output increases with increasing
small bowel resection; resection of 15 to 50 cm of terminal
ileum resulted in an increase of >300 g/24 h as compared to
controls with <15 cm removed.16 In addition to loss of
absorptive surface, loss of the “ileal brake” mechanism likely
contributes to poor adaptation with more substantial ileal
resections. Under normal circumstances, unabsorbed
nutrients reaching the distal ileum and colon stimulate L
cells, enteroendocrine cells of the distal small bowel, to
secrete peptide YY (PYY), which acts on the upper gastro-
intestinal tract to decrease gastric emptying, small bowel
motility, and pancreatic secretions; the net effect is optimiza-
tion of proximal gut absorption. This mechanism has been
demonstrated by infusion of PYY into healthy volunteers,
and its loss after large ileal resections results in rapid transit
and decreased absorption of fluid, electrolytes, and
nutrients.17 Neal et al found that small bowel transit time
was significantly faster in colectomized patients who had
greater lengths of ileal resections (50–70 cm), implying an
impairment in the “ileal brake” mechanism.18 Additionally,
after extensive ileal resection, usually over 100 cm, loss of
bile salts may eventually outpace hepatic production, leading
to duodenal luminal bile acid deficiency and steatorrhea.19

CONTRIBUTORS TO ADAPTATION
Adaptation is thought to result from a mixture of hormo-

nal, luminal, and mechanical influences that induce struc-
tural changes in the mucosa and measurable differences in
intestinal motility, permeability, electrolyte transport, and
absorptive capacity.20 Human studies regarding small bowel
adaptation after colectomy are frequently contradictory,
likely due to variability in disease states, operations per-
formed, technical factors, and in the control of external fac-
tors such as diet, comorbidities, and medication interactions.
Sample sizes are typically small. Animal studies (done in
healthy animals) may not always apply to clinical situations
in humans but will be cited when they illuminate what may
be happening in humans. Additionally, studies examining
hormonal alterations are difficult to interpret, as these sys-
tems involve complex regulation for which all elements may

not be accounted for in a study population. Confounding
factors are surely present. The presence of an elevated or
decreased hormone level does not necessarily implicate its
role in adaptation but may simply be the sequelae of another
undetermined process. The combination of these factors con-
tributes to frequently conflicting data.

Changes in mucosal morphology
Mucosal hypertrophy and hyperplasia of remaining intes-

tines is the most cited explanation for adaptation. After ileos-
tomy in rat models, an increased cycling rate and
proliferation of intestinal pluripotent stem cells occur in the
remaining segments.21 Villous length and cells per villi
increase.22 J�ozsa et al found significant increases in both the
mucosal weight (þ130% ± 10%) and the thickness (þ15%
± 3%) of ileal mucosa within days of ileostomy creation in
rats.15 These specimens showed a near doubling of the post-
operative ki-67 proliferation index. Studies in humans found
that these structural differences may become less prominent
by 1 year after ileostomy.23 Thus, these mucosal changes
likely play a role in early, but not late, adaptation. The pri-
mary driver of these changes is unknown but is likely hormo-
nal. The best evidence in support of this comes from animal
studies in which the circulation of a colectomized rat is artifi-
cially shared with a noncolectomized rat, termed vascular
parabiosis. This process has been shown to induce similar
adaptive mucosal changes in the unresected animal.24

Hormones implicated in the adaptive process include miner-
alocorticoids, growth hormone, insulin-like growth factor,
glucagon-like peptide-2, and epidermal growth factor.20

Changes in small bowel electrolyte transport
Intestinal perfusion studies in humans have shown sig-

nificantly increased potassium excretion and sodium reten-
tion early after colectomy.25 Studies in animals suggest that
this may be due to the effects of mineralocorticoids.
Mineralocorticoids, while primarily inducing renal sodium
retention, also cause net sodium resorption in the intestines.
Circulating aldosterone levels are elevated after ileostomy
and decline again after reversal of a loop ileostomy.26–28

Administration of mineralocorticoid analogs results in an
immediate decrease of the sodium/potassium ratio of ileos-
tomy output of up to 30%, and a net increase in the dry
weight of output which equates to decreased water con-
tent.26,27 Conversely, administration of mineralocorticoid
antagonists reverses this effect, and episodes of acute adrenal
insufficiency can cause large increases in ileostomy output.29

Retrospective analyses also have associated angiotensin-con-
verting enzyme inhibitors and angiotensin receptor blockers
(upstream inhibitors of the RAAS system) with an increased
risk of dehydration and hospital readmission after ileos-
tomy (odds ratio ¼ 13.56; 95% confidence interval ¼
3.54–51.92).30 The effects of mineralocorticoids are likely
mediated through direct activation of receptor-mediated
electrolyte transport and indirectly mediated through the
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induction of transcription of adaptive genes. Gene expression
maps have been used to compare the ileal tissue of aldoster-
one-infused rats to that of colectomized rats.31 Aldosterone
infusion was shown to induce 11 genes, all of which were
also highly expressed after colectomy, and to suppress
10 genes, nine of which were also suppressed after colectomy.
In context, in the postcolectomy ileal mucosa, 82 genes
were shown to be upregulated and 91 to be suppressed.
Thus, aldosterone is not the sole contributor to alterations
of gene expression after colectomy but is surely an impor-
tant mediator.

The epithelial sodium channel (ENaC) is likely an
important mediator of aldosterone-induced change. After
colectomy in the rat, significant increases in mRNAs encod-
ing ENaC have been found in the ileum compared with
unoperated controls, in which there was very little expres-
sion.32 Expression peaked 4 weeks after the operation, and
the rise coincided with decreasing stool sodium content and
increasing electrogenic sodium absorption as measured
in vitro. Importantly, the increased electrical current across
the ileal mucosa was negated when the ENaC inhibitor
amiloride was administered, suggesting that ENaC was a
principal mediator for the observed changes. Similar ENaC
expression was seen in noncolectomized aldosterone-infused
rats, suggesting that aldosterone was the mediator involved.33

Haneda et al attempted to capitalize on this mechanism by
administering aldosterone-filled ileal-release microspheres to
rats to achieve distal and direct mucosal exposure, thus limit-
ing systemic exposure.34 This produced similar effects on
electrogenic sodium resorption without causing elevations in
plasma aldosterone. It is clear that aldosterone plays a crucial
role in the adaptive process, but it is still to be seen if this
process occurs in humans.

An aldosterone-sensitive increase in sodium glucose co-
transporter 1 (SGLT1) activity was noted in colectomized
rats.33,34 This was not seen in noncolectomized rats given
aldosterone infusion, in sodium-depleted rats, or in those
rats exposed to luminal aldosterone, suggesting an alternative
induction mechanism. If this occurs in humans after colec-
tomy, the increase in SGLT1 could augment the response to
oral rehydration solutions.

Alterations in motility
Slowing transit through the bowel increases time avail-

able for absorption and is another potential mechanism for
adaptation after colectomy. Fasting ileal flow rates measured
by intestinal perfusion slow approximately fourfold in
patients with established ileostomies as compared to unre-
sected controls; postprandial flow rates decrease by nearly
half.25 Gastric emptying of solids, but not liquids, is
decreased in established ileostomy patients compared with
normal controls.35 A decrease in motility through the upper
gastrointestinal tract may be responsible through up-regula-
tion of the “ileal brake,” as previously discussed. However,
there are conflicting data on the state of PYY after colonic

resection. Adrian et al found significant decreases in fasting
and postprandial serum PYY in 16 colectomized patients
compared to controls.36 A study of 12 patients with colec-
tomy and ileal pouch anal anastomosis found no difference
between basal serum PYY levels compared with controls, and
found significantly decreased integrated postprandial PYY.37

These findings argue against this mechanism. However,
other studies have found a significant, yet temporary (up to
9 months), increase in the serum and mucosal concentrations
of PYY in the prestomal segments of patients with loop ileos-
tomies.23 Animal studies have also shown elevated serum
PYY levels after colectomy persisting for 7 days, and others
for up to 1 year.38,39 These mixed results are likely the result
of significant heterogeneity between patient populations.
The well-adapted patient may show increased levels, while a
failure to increase the mechanism may contribute to high
output. The above studies were mostly done in well-adapted
or newly operated patients, limiting generalization.
Additionally, efforts to capitalize on this mechanism using
PYY analogs in the treatment of high output would likely be
hindered by its anorexigenic effects and the potential to
induce severe nausea, which was noted when trialed as treat-
ment for obesity.40 Changes in small intestinal smooth
muscle may also contribute to decreased motility.
Colectomized rats show decreased longitudinal muscle con-
tractile frequency suggestive of decreased propulsive peristal-
sis.15 This would slow transit time and optimize absorption.

CAUSES OF ILEOSTOMY DIARRHEA
The causes of ileostomy diarrhea should be placed into

two contexts: the patient who has failed to adapt and the
patient who was previously well adapted presenting with new
increase in output (Table 1).

Failure to adapt
Failure of adaptation most likely relates to the degree of

ileal resection, though other factors may contribute. For
patients who undergo colectomy for inflammatory bowel dis-
ease (IBD), the degree of mucosal inflammation will directly
influence the adaptive response. A patient with untreated or
subclinical adrenal insufficiency may be unmasked during
the perioperative period. Medications that interfere with the
renin-angiotensin-aldosterone system may worsen the imme-
diate and delayed adaptive response. Reflex acid hypersecre-
tion causing impaired adaptation has also been reported.41,42

Postadaptation diarrhea
Traditional etiologies of diarrhea remain applicable to the

ileostomy patient, including infections, osmotic diarrhea
from ingestion of poorly absorbable substrates, celiac disease,
and medications. The presentation is simply more dramatic
due to the inability to compensate for the fluid loss by
colonic absorption. Several additional etiologies must also be
considered more frequent in these patients. These include
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disease recurrence in the case of Crohn’s disease, small intes-
tinal bacterial overgrowth (SIBO), ostomy malfunction or
stricture, bile acid deficiency, and hypersecretory pseudo-
obstructive states. It should also be noted that colectomy
does not negate the potential for Clostridioides difficile to
induce an opportunistic enteritis and may carry a higher
mortality rate than C. difficile colitis.43–45 This should be
considered in any patient with recent antibiotic exposure.
Colectomy patients are also at risk for both adhesive disease
and abdominal hernias, and bowel obstruction can poten-
tially increase effluent by both a decrease in net fluid absorp-
tion in the malfunctioning bowel, as well as a hypersecretory
state via excess potassium secretion.46 An enteric fistula due
to operative complication or inflammatory bowel disease
may result in bypassed absorptive surface and result in diar-
rhea. Finally, some patients develop reduced motility or have
postoperative anatomical variants that may predispose them
to small intestinal bacterial overgrowth, which may
induce diarrhea.47

Development of small bowel inflammation after colonic
resection for established Crohn’s disease is understandable as
the natural history of Crohn’s disease; however, inflammatory
enteritis after colectomy for ulcerative colitis represents a

different challenge. This simply could represent misdiagnosis
of colonic Crohn’s disease as ulcerative colitis and may occur
in up to 10% of patients who had colectomy for ulcerative
colitis. An alternative categorization was proposed by
Corporaal et al in a case series of 42 patients presenting with
inflammatory enteritis after colectomy for ulcerative colitis.48

These patients demonstrated a spectrum of clinical and
pathologic changes consistent with autoimmune gastritis and
enteritis and showed response to corticosteroids, calcineurin
inhibitors, and immunomodulators. This postcolectomy
enteritis is histologically and endoscopically distinct from
Crohn’s disease and may represent a unique entity. While col-
ectomy can control ulcerative colitis, it may not be curative in
every case.

EVALUATION OF PATIENTS WITH ILEOSTOMY DIARRHEA
History and physical examination

Patients having an ileostomy for the first time have little
concept of what represents normal function. Experienced
enterostomal therapy nurses play a key role in familiarizing
patients with their new situation and can identify excessive
ileostomy output and help differentiate it from other poten-
tially distressing aspects of the ostomy such as frequent
pouch drainages, leakage, odor, or need for frequent venting.
Many of these manifestations may not represent increased
output but may be dietary or appliance related. An essential
first step is to quantitate output by keeping a record of the
frequency and volume of effluent. While no standard defin-
ition exists for ileostomy diarrhea, an increase in baseline
effluent volume above 1 L per day is considered abnormal.
Patients may also report an increase in pouch drainages
rather than increased volume. More than six drainages per
day suggests an abnormal increase in effluent volume.

Workup for true increased output proceeds similarly to
that for any acute or chronic diarrhea patient, beginning
with a comprehensive history and physical examination. Every
attempt should be made to obtain the patient’s operative
reports and any existing imaging studies to ensure accurate
knowledge of their anatomy, especially the length of any ileum
resected. Similarly, the histological slides and reports of any
resected specimens should be sought to ensure correct diagnosis
and guide future evaluation. A dietary journal may be useful in
identifying culprits that worsen output.

Physical examination should be directed toward evalua-
tion of volume status to determine need for hospital
admission and intravenous rehydration. Specifically, vital
signs with orthostatic blood pressure measurement, skin
turgor, and the state of hydration of mucous membranes
should be assessed. Abdominal examination should search for
elements suggestive of obstruction, including the presence of
hernias (especially stomal and incisional), the character of
bowel sounds, tenderness, and distention. The ileostomy
itself should be inspected with the collection pouch removed
and probed with a gloved finger to assess for stomal prolapse,
hernia, or distal stricture.

Table 1. Causes of ileostomy diarrhea

Context Causes

Failure to adapt Extensive ileal resection
Overlap with short bowel syndrome

Proximal/unresected inflammatory bowel disease
Enteric fistula
Perioperative adrenal insufficiency
Idiopathic failure of adaptation

Postadaptation Infectious
Clostridioides difficile enteritis
Bacterial, viral, protozoal, fungal

Small intestinal bacterial overgrowth
Medications
Structural
Stomal dysfunction/stricture
Intestinal obstruction
Enteric fistula
Ileus
Lymphoma/lymphatic obstruction

Autoimmune
Recurrent inflammatory bowel disease
Postcolectomy ulcerative colitis–associated enteritis
Autoimmune/other enteropathy

Endocrine
Secretory tumors

VIPoma, gastrinoma, carcinoid
Hyperthyroidism
Adrenal insufficiency

Bile acid deficiency
Osmotic diarrhea
Radiation enteritis
Pancreatic insufficiency
Factitious disorders

221Ileostomy diarrheaApril 2020



Laboratory tests, imaging, and endoscopy
The initial evaluation of ileostomy diarrhea mirrors that

of acute or chronic diarrhea in patients with intact gastro-
intestinal tracts. Initial laboratory testing should include a
complete blood count, biochemical screening including elec-
trolytes and creatinine, screening for celiac disease with IgA
anti-tissue transglutaminase level, thyroid-stimulating hor-
mone, and morning cortisol level. Stool tests should include
microbiological tests (stool culture, testing for C. difficile,
ova and parasite examination, immunological tests for
Giardia and Cryptosporidium, or polymerase chain reaction
multiplex testing for a variety of organisms), fecal lactoferrin
or calprotectin, and a test for occult blood.

In most individuals, structural evaluation with computed
tomography or magnetic resonance enterography or con-
trasted small bowel radiography should be performed to rule
out stricture or obstruction. Retrograde barium enterography
for detailed evaluation of the distal ileum and stoma should
be considered if evaluation for distal obstruction is equivocal.
In cases with a history of inflammatory bowel disease or in
those with unclear etiology, upper endoscopy and ileoscopy
with mucosal biopsies should be performed.

If the diagnosis remains obscure, timed stool collection can
differentiate secretory, osmotic, malabsorptive, and inflamma-
tory causes; this may provide additional clues to the diagnosis.
The presence of significant steatorrhea raises the possibility of
bile acid deficiency in those with extended ileal resection, pan-
creatic exocrine insufficiency, mucosal disease, or SIBO.

Lactulose or glucose hydrogen breath testing is considered a
standard, if flawed, diagnostic method for SIBO.49 The test
relies on detection of an early expired hydrogen peak suggestive
of excessive small bowel bacterial metabolism of the ingested
carbohydrate. However, traditional diagnostic criteria may be
unreliable in patients with surgically altered anatomy or motility
disorders. Measuring methane in addition to hydrogen maxi-
mizes sensitivity.50 Quantitative culture of intestinal contents is
thought to be a better measure of SIBO, but the appropriate
threshold in ileostomy patients is undefined. Patients are often
given an empiric course of antibiotics for a presumptive diagno-
sis of SIBO; however, partial response does not necessarily imply
that SIBO is the correct diagnosis and may lead to recurrent
cycles of inappropriate antibiotic use.

TREATMENT OF HIGH ILEOSTOMY OUTPUT
Fluid repletion

Regardless of the cause of high output, volume status,
electrolyte disturbances, and subsequent sequelae must be
addressed first. This will most often require intravenous flu-
ids or oral rehydration solutions depending on the severity of
the volume depletion. Dehydration prophylaxis immediately
after ileostomy creation should be considered. In a random-
ized controlled trial in patients after diverting ileostomy,
patients receiving 1 L daily of a prophylactic oral rehydration
solution had zero dehydration-related readmissions compared
to 24% in the control group.51 The prophylactic group also

showed significant improvements in markers of renal function
over 40 days of follow-up. Other studies have suggested that
oral rehydration solution actually decreases the output; how-
ever, this was not seen in the randomized setting.52 Total par-
enteral nutrition is generally not required in these patients, as
nutrient absorption should not be impaired.

Appliance problems and dietary modifications
Patients with appliance difficulties, changes in gas output,

and changes in effluent appearance, texture, or color may
report diarrhea. An enterostomal therapist should ensure good
device fit and provide the patient with an adequate working
knowledge of daily maintenance. Patients with significant peri-
stomal dermatitis or leakage may benefit from agents to
increase effluent viscosity.53 The addition of fiber may provide
a more manageable viscosity, although the overall output may
increase.54 One study showed that the addition of 15 g of ster-
culia bulk increased ileostomy output viscosity by approxi-
mately 100%, and 9 of the 12 patients reported quality of life
benefits.53 Another small study found the addition of psyllium
wet stool weights to be unchanged, though the dry fraction was
significantly higher.55 In a randomized crossover trial involving
28 patients to evaluate the effect of dietary marshmallows on
output, 71% of patients reported a reduction in ostomy out-
put, though the difference was modest at 75 mL per day.56

Participants also reported fewer pouch changes and thicker
effluent, and 68% reported they would use marshmallows
again to control output. A large survey conducted in estab-
lished ileostomy patients found the foods most known for caus-
ing watery output to be rhubarb, alcohol, fried fish, and fruits
and vegetables, such as apples, beets, lettuce, and onions.57 The
Crohn’s and Colitis Foundation offers a patient-friendly food
reference chart that can be utilized to track foods commonly
found to alter effluent character.58 Presumably, reducing these
foods might alter ileostomy output.

Treatment of adaptation failure
Adaptation failure is a more chronic problem, and the

goals of treatment are to manage diarrhea, prevent complica-
tions, and improve quality of life. Treatments in this setting
include agents to augment the adaptive response, antimotility
agents, and antisecretory agents.

Agents to augment adaptive response. Teduglutide is a
subcutaneously administered GLP-2 agonist that has been
approved for chronic intestinal failure due to short bowel
syndrome. It is thought to work via a GLP-2 enterocyte
receptor by enhancing mucosal growth, decreasing gastric
motility and acid secretion, and increasing mesenteric blood
flow.59 GLP-2 receptors have also been identified in the
enteric nervous system.60 While no trials exist regarding its
use after colectomy with minimal ileal resection, subgroup
analysis in short bowel trials suggests greater response rates in
patients without a colon in continuity compared to those with
a colon.61 Endogenous GLP-2 is released from the colon and
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distal ileum and may already be contributing to adaptation
short bowel patients with an intact colon, thus minimizing the
benefit of further supplementation. There is at least one
reported case of successful amelioration of high ileostomy out-
put in a colectomized patient without short bowel.62 The cost
of this treatment may limit its potential use, though in the
severely refractory patient, this must be weighed against the
cost of multiple and prolonged hospitalizations and resultant
complications of chronic diarrhea.

Antimotility agents. Antimotility agents include lopera-
mide, diphenoxylate/atropine, codeine, morphine, and tinc-
ture of opium. Loperamide and diphenoxylate are synthetic
mu-opioid agonists with antimotility effects, particularly in
the small bowel.63 Atropine is combined with diphenoxylate
to discourage abuse; its anticholinergic properties may sup-
plement its antidiarrheal effects slightly. As loperamide has
limited ability to cross the blood-brain barrier, it has fewer
central and anticholinergic adverse effects than diphenoxy-
late/atropine or more potent opioids. Loperamide has been
shown in several randomized trials to decrease the output of
established ileostomies by 22% to 30%.64–67 Studied doses
have varied, but the standard dose is 4 mg four times per day
before meals and at bedtime.

More potent opioids such as codeine, opium, and mor-
phine may have to be used if more conservative treatment
fails. Codeine has been shown to be effective, though less so
than loperamide in the dose tested, and carries risk of adverse
effects, especially as the dose is escalated.64 Less work has
been reported with morphine or tincture of opium in ileos-
tomy diarrhea. Dosing should start at 2 mg of morphine
(0.2 mL of deodorized tincture of opium or 0.1 mL of mor-
phine solution) four times a day before meals and at bed-
time. The dose can be raised by a similar amount every few
days until output comes under control. Most patients require
doses <20 mg four times a day. Unlike the analgesic effects
of opioids, tolerance to the antimotility effect does not
develop. Once an effective dose is found, the need for con-
tinually increasing doses should raise suspicion for drug-seek-
ing behavior or diversion. Antimotility agents for chronic
diarrhea should be dosed regularly prior to meals and at bed-
time, not on an “as-needed” basis. Ileus or obstruction are
absolute contraindications for these medications.

Antisecretory agents. Hypersecretion of gastric acid may
contribute to initial periods of high output. Animal and human
studies have shown that basal and stimulated acid secretion was
approximately doubled a year after colectomy.41,42 While an
increase in serum gastrin after colectomy has been found in
some animal models, other studies in animals and humans have
failed to find any correlation.39,68–70 There are reported cases
of high ileostomy output that were successfully treated with
acid suppression, and an empiric trial of a proton-pump inhibi-
tor is reasonable for otherwise unexplained high output.71,72

The somatostatin analog octreotide has a half-life of 113
min (compared with 2 to 3 min for endogenous somatostatin)
and has been shown to be far more potent in many ways.73 In

1984, Williams et al reported the first use of octreotide for
management of severe secretory diarrhea in a patient who
failed to adapt after ileostomy.74 In this case, output
decreased by 82% after a single day, with prolongation of
small bowel transit time by 76%. There was little change in
gastric emptying. This finding was later replicated in multiple
case series.75–78 A small prospective placebo-controlled trial in
12 patients with protective loop ileostomies after ileoanal
anastomosis was performed approximately 2 to 3 months
postoperatively in patients given standard diets.79 Patients
given octreotide 100 mcg subcutaneously three times daily
showed a 24.1% decrease in mean daily output over 5 days
compared to placebo (970 ± 66 to 736 ± 28 g/day; P < 0.05).
Modest reductions in stool sodium and chloride were seen,
with no significant change in hormones including C-peptide,
insulin, glucagon, renin, or aldosterone. There were no
adverse effects during the 5-day period. The long-term
adverse effects of somatostatin administration have been
explored in other settings and include biliary stasis with chole-
lithiasis and possibly worsening steatorrhea due to inhibition
of exocrine pancreatic function.80 Long-acting depot injec-
tion formulations given monthly are available (Octreotide
LAR, Lanreotide) for patients who have achieved adequate
control and in whom the adequate dose has been determined.

Glucocorticoids may play a significant role in adaptation,
may decrease inflammation in IBD, and may also affect ion
and water transport through mineralocorticoid activity; as
such, they may aid in improving symptoms of high output.
The long-term adverse effects of systemic glucocorticoid
administration limit application, but budesonide may be an
attractive option given significant first-pass hepatic metabol-
ism, which limits systemic exposure. Ecker et al performed
two randomized placebo-controlled studies examining
the effects of ileal-release budesonide in patients with post-
colectomy high output ileostomy due to Crohn’s disease
with quiescent inflammatory activity.81,82 Budesonide (3 mg
three times daily for 8 days) decreased mean output by
30.2% compared to placebo, with 60% of patients achieving
>25% decrease in output. The second study utilized a wash-
out period of 4 weeks followed by a rechallenge in which
similar findings were shown. Some of these patients were
followed for as long as 155 weeks with continued efficacy.
With estimated 10% systemic absorption, the drug does still
have potential to induce adrenal suppression and the effects
of hypercortisolism. Colonic-release formulations of budeso-
nide should not be used in this population.

Fludrocortisone, a potent mineralocorticoid agonist, has
been shown to decrease ileostomy output in subjects without
diarrhea.26 Further research is warranted to explore a possible
therapeutic benefit in patients with high output.

Bile acid deficiency
Traditional bile acid diarrhea resulting from bile acid mal-

absorption is not possible in the colectomized patient, as the
secretory mechanism resides in the colon. Thus, bile acid
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binders such as cholestyramine may only serve to worsen fat
malabsorption and steatorrhea and should not be prescribed in
patients with end ileostomies. In those with larger ileal resec-
tions, usually >100 cm, bile acid loss may outpace hepatic pro-
duction, and steatorrhea due to bile acid deficiency may result.
In these cases supplementary bile acid should be consid-
ered.19,83 The only bile acid supplement approved by the US
Food and Drug Administration (FDA) is cholic acid
(Cholbam); however, this drug is approved only for bile acid
synthesis disorders and would require off-label use, which
would be cost-prohibitive at the current price point. Ox bile
supplements can be purchased but are not approved or regu-
lated by the FDA. A reasonable dose would be 1 to 2 g daily
taken in divided dose with meals.

Treatment of postadaptation diarrhea
Treatment of postadaptation diarrhea (Figure 1) should be

directed at the underlying cause, whether it be supportive care
for viral gastroenteritis, directed antibiotic therapy for a bacterial
infection, immunosuppression for recurrent IBD, or surgical
correction of a dysfunctional stoma, stricture, fistula, or obstruc-
tive lesion. During workup and treatment initiation, many
patients will also benefit from the symptomatically directed treat-
ments discussed above, provided there are no contraindications.

Surgical options
Restoration of continuity should be considered if luminal

fluid can be exposed to additional absorptive mucosa.

Diverting or loop type ileostomies should be closed if ileos-
tomy diarrhea is problematic and the clinical situation
allows. Restoration of continuity may not always be feasible
in patients with unfavorable anatomy, distal anastomotic
complications, or pouch complications. Multidisciplinary
discussion should take place regarding the need for further
fecal diversion in this setting.

As many as 11.6% of ileostomy patients may require sto-
mal revision for pain, prolapse, stenosis, or fistula.84 In one
prospective series, this number was as high as 75% in
patients with Crohn’s disease and 44% in patients with
ulcerative colitis over 8 years of follow-up.85 If imaging,
physical examination, or endoscopy are suggestive of
obstructive processes, surgical correction should be pursued.

CONCLUSION
Ileostomy diarrhea represents complex physiology and

can have dramatic consequences for both quality of life and
medical complications. Prompt attention should be paid to
the ileostomy patient with acute rise in output, with a low
threshold for hospital admission to facilitate rehydration and
search for the underlying cause. High output should be char-
acterized as a failure of adaptation or a postadaptive process.
Common etiologies remain common, but important etiolo-
gies to consider specifically in the ileostomy patient include
recurrent IBD, bile acid deficiency, SIBO, and anatomic
abnormalities requiring surgical correction. Treatment is
directed at the underlying cause, with medications used
adjunctively to decrease output and improve quality of life.
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